Background: To determine how many adolescents follow food/beverage brands on Instagram and Twitter, and examine associations between brands' youth-targeted marketing practices and percentages of adolescent followers. Methods: We purchased data from Demographics Pro to characterize the demographics of Twitter and Instagram users who followed 27 of the most highly advertised fast food, snack, and drink brands in 2019. We used one-sample t-tests to compare percentages of adolescent followers of the selected brands' accounts versus all social media accounts, independent samples t-tests to compare followers of sugary versus low-calorie drink brands, and linear regression to examine associations between youth-targeted marketing practices and the percentages of adolescent followers. Results: An estimated 6.2 million adolescents followed the selected brands. A higher percentage of adolescents followed the selected brands' accounts (9.2%) compared to any account on Twitter (1.2%) (p < 0.001), but not Instagram. A higher percentage of adolescents followed sugary (7.9%) versus low-calorie drink brands (4.3%) on Instagram (p = 0.02), but we observed the opposite pattern for adults on Twitter and Instagram. Television advertising expenditures were positively associated with percentages of adolescent followers of the selected brands on Twitter (p = 0.03), but not Instagram. Conclusions: Food and sugary drink brands maintain millions of adolescent followers on social media.
Introduction
Poor diet places youth at increased risk of excessive weight gain and chronic health conditions (e.g., type 2 diabetes, heart disease) during adulthood [1] . Food marketing is a major contributor to poor diet among children and adolescents [2, 3] , and companies spend approximately US$2 billion on youth-targeted food and beverage marketing across multiple forms of media (e.g., television [TV], the Internet) [4] . Additionally, nearly half of those expenditures (US$77 million) is spent on food advertisements that are placed on websites and digital platforms [4] . This investment in digital marketing has grown in tandem with consumers' increasing engagement with online forms of media [5] [6] [7] . In 2018, for example, approximately 95% of adolescents (13-17 years) owned or had access to a smartphone, and almost 90% of adolescents reported using the Internet multiple times per day [8] . Seventy-one percent of adolescents in the United States report using the Internet to access Instagram, for example, [8] , which is concerning given nearly 50% of adolescents report being online "almost constantly" [8] . These data underscore a shifting digital landscape where social media use is quickly outpacing or even displacing other types of media use [9] [10] [11] .
Food and beverage companies have become sophisticated in their ability to target youth through social media [6] . Although social media ads use methods that are similar to TV advertising practices (e.g., celebrity endorsements [12] ), many social media ads capitalize on techniques that are unique to digital platforms. This new digital era provides companies with the opportunity to directly interact with, track, and target youth through novel methods (e.g., creating free social media accounts where they can regularly post brand-specific content) [13, 14] . Instagram, for instance, allows food and beverage companies to post photos accompanied by captions. When a social media user chooses to "follow" a food or beverage company's social media account on sites like Instagram or Twitter, they can see brand-related photos, messages, and captions alongside posts by friends and family in their social network. Youth can also engage more directly with brands by "liking," commenting, or sharing the company's posts with others, and these interactive features are unique to social media marketing [15, 16] . More data are needed to understand the ways youth engage with food and beverage companies on social media platforms.
The effects of exposure to food and beverage marketing on attitudes and behaviors are well-established [17] . Food and beverage ads lead to brand recognition and preferences for advertised foods [18] , and children have positive attitudes towards advertised foods [19] . These effects are particularly problematic given that the majority of the food and beverages marketed to youth are predominately foods high in fat, sugar, and salt [20, 21] . A number of lab-based studies have also shown that children who see food ads consume more calories than children who see non-food ads, and this increased caloric intake even occurs for foods that were not shown in the ads [19] .
Although a growing body of research demonstrates that youth are bombarded with food and beverage ads [22] [23] [24] [25] , less is known about youth-targeted marketing on social media. To our knowledge, no study has examined youth's engagement with food and beverage companies on social media platforms. To address these gaps in the literature, we analyzed Instagram and Twitter data to answer the following research questions:
1.
What is the percentage and number of adolescents ages 13-17 years who follow food and beverage brands on Instagram and Twitter? 2.
Do food/beverage brand accounts have a higher percentage of adolescent followers compared to all social media accounts on Instagram and Twitter? Do these associations differ for sugary drink brands relative to low-calorie drink brands? 3.
Are youth-targeted food marketing practices associated with the percentage of adolescents who follow food and beverage brands on Instagram and Twitter?
Materials and Methods

Data
In 2016, we identified 30 fast food, snack, and beverage brands with the highest advertising expenditures [23, 24, 26] . We chose those three categories because they represent the products that are targeted most heavily to adolescents [20] . We then contacted Demographics Pro to inquire about the availability of data on the demographic characteristics of social media users who followed those 30 brands. Demographics Pro is a data analytics firm that uses proprietary algorithms to estimate or infer the demographic characteristics of target audiences based on social media activity (e.g., the frequency of posts). The firm filters and amplifies data signals from users' networks (e.g., the strength of ties between individuals), consumption (e.g., accounts followed), and language (e.g., words used in posts). Their data and methods have been published in other types of public health research [27] [28] [29] . Demographics Pro has used their methodology to profile more than 300 million social media users.
They require confidence of 95% or above to make an estimate for each demographic characteristic on a given social media profile. Their analytic predictions rely on the low covariance of multiple amplified signals. The firm evaluates their methods by iteratively testing their approach among established samples of social media users with verified demographics. Those established sample sizes include between 10,000 and 200,000 social media users with verified demographic information. This validation process enables more precise calibration of their methods. Their methods perform equally well when evaluating the demographic characteristics of Twitter users and Instagram users. At the time of the purchase, Demographics Pro had data on Instagram and Twitter users for 27 of the 30 brands, including 24 brands on Instagram and 19 brands on Twitter Table 1 . We downloaded and analyzed the data in January 2019.
To identify which brands in our sample target child and adolescent consumers, we reviewed the University of Connecticut Rudd Center's report on targeted food advertising from 2019 [22] . In addition to total TV spending, the report provides a Child:Adult targeted ratio and an Adolescent:Adult targeted ratio. We recorded the ratios for the brands in our sample, though data were not available for 9 of the brands we selected Table 2 . The targeted ratios are calculated by dividing the ratio of TV ad exposure for children/adolescents versus adults by the ratio of TV viewing times, which accounts for racial differences in the time spent viewing ads. For example, an Adolescent:Adult targeted ratio of 2.00 indicates that adolescents viewed 100% more TV ads for a specific brand compared to adults, accounting for differences in TV viewing. These data are not available for social media, so we used spending on TV ads and disproportionate exposure to TV advertising as proxies for spending on social media ads and disproportionate exposure to social media advertising, respectively. 
Outcomes
Our primary outcome in all analyses was the average percent of the followers of all food and beverage brands in our sample per age group per social media platform. We also separately calculated and compared the average percent of followers of fast food brands, all beverage brands, sugary drink brands, and low-calorie drink brands per age group per social media platform Table 2 . We classified zero-calorie beverages and/or beverages with artificial sweeteners as low-calorie drink brands.
Statistical Analysis
For all of the food and beverage brands in our sample, we reported the mean (SD) of the percentage of their followers by age subgroup for both Instagram and Twitter. For each brand, we also reported the total number of followers on each social media platform as well as social media behaviors of followers, including posting frequency, the length of time since account creation, and geo-enabled settings (i.e., a setting that social media users can enable that allows the social media site to collect, store, and utilize the user's precise location). We used one sample t-tests to examine whether the mean percentage of followers of brands in our sample was significantly different from the mean percentage of users who followed any account on Instagram or Twitter by age group. We used an independent samples t-test to determine whether the mean percentage of followers of sugary drink brands was significantly different from the mean percentage of followers of low-calorie drink brands. Finally, we used a linear regression model to examine the association between TV advertising spending and child/adolescent targeted ratios with the percentage of followers per age subgroup, by social media platform. We used Stata version 15 for all analyses [30] .
Results
As of January 2019, there were an estimated 73.1 million social media users of any age who followed this sample of food and beverage brands on Instagram and/or Twitter. These brands had more followers on Instagram (n = 55.9 million) than Twitter (n = 17.2 million), though these figures may include users who followed multiple food/beverage brand accounts on both social media platforms Table 1 . The majority of social media users who followed brands in our sample were located in the United States (55.6% for Instagram; 77.7% for Twitter). More than 29 million females of any age followed the brands in our sample on Instagram, and nearly 9 million females followed the brands on Twitter Table 2 . Red Bull, Monster Energy, and Mountain Dew had the lowest percentage of female followers on Instagram (<23% each), whereas disproportionately high percentages of females followed Starbucks (76.9%), Diet Coke (70.8%), and Smart Water (65.9%) on Instagram. We found similar patterns among females and males who followed brands in our sample on Twitter. And an estimated 28.1 million Instagram users and 12.3 million Twitter users who followed the brands in our sample had their profile for more than 2 years. And many of these were active on social media: 22.9 million Instagram users and 6.6 million Twitter users who followed brands in our sample posted 1-7 times per week. Geo-network enabled settings were activated among an estimated 17.7 million Instagram users and 6.8 million Twitter users who followed brands in our sample.
Adolescent Followers of Food/Beverage Brand Accounts versus Any Social Media Account
An estimated 6.2 million adolescents followed the selected food and beverage brands on Instagram and/or Twitter Table 2 . Approximately 3.8 million of those adolescents followed the 24 brands for which data were available on Instagram, whereas 2.4 million adolescents followed the 19 brands for which data were available on Twitter.
On Twitter, the percentage of adolescents who followed the brands in our sample (9.2%) was higher than the percentage of adolescents who followed any Twitter account (1.2%) (p < 0.001) ( Table 3) . We observed an even greater difference in the percentage of adolescents who followed the fast food brand accounts in our sample (12.7%) compared to the percentage of adolescents who followed any Twitter account (1.2%) (p < 0.001). We observed the opposite pattern for adults on Twitter. The percentage of adult Twitter users who followed the brands in our sample was either lower or not different compared to the percentage of adults who followed any Twitter account Table 3 . For example, the percentage of users 45-54 years of age who followed the brands in our sample on Twitter (1.1%) was lower than the percentage of users 45-54 years of age who followed any account on Twitter (1.5%) (p = 0.004).
But on Instagram, the brands in our sample had lower percentages of adolescent followers compared to other Instagram accounts. Specifically, the percentage of adolescents who followed the brands in our sample (7.0%) was lower than the percentage of adolescents who followed any Instagram account (11.5%) (p < 0.001). Similarly, the percentage of adolescents who followed the fast food brands in our sample (7.4%) was lower than the percentage of adolescents who followed any Instagram account (11.5%) (p = 0.01). For adult Instagram users, we observed the opposite pattern for all brands (e.g., the percentage of users 45-54 years of age who followed the food brands in our sample (1.1%) was higher than the percentage of users 45-54 years of age who followed any Instagram account (0.6%) (p < 0.001)).
Adolescent Followers of Sugary Drink Brands versus Low-Calorie Drink Brands
On Instagram, the percentage of adolescents who followed sugary drink brands (7.9%) was significantly higher than adolescents who followed low-calorie drink brands (4.3%) (p = 0.02) ( Table 3) . Similar percentages were also found on Twitter: we observed a higher percentage of adolescents who followed sugary drink brands (9.6%) compared to low-calorie drink brands (3.9%), but the difference was not statistically significant (p = 0.30).
We observed the opposite pattern for adults. On Instagram, the percentage of adults who followed sugary drink brands in our sample was either lower or not different than the percentage of adults who followed low-calorie drink brands. For example, the percentage of Instagram users 45-54 years of age who followed sugary drink brands (0.9%) was lower than the percentage of users 45-54 years of age who followed -calorie drink brands (1.7%) (p = 0.04).
Associations between Youth-Targeted Marketing Practices and the Percentage of Adolescent Followers
We found some significant differences in the percentages of adolescents who followed brands that heavily target youth compared to brands that do not heavily target youth. Specifically, total TV spending was positively associated with the percentage of adolescents who followed the brands in our sample on Twitter (β = 2.9; p = 0.03), but not on Instagram (β = 0.6; p = 0.21) Table 4 . We did not, however, identify any associations between youth-targeted marketing ratios and the percentage of adolescent followers on social media. Specifically, the Child:Adult targeted ratio was not associated with the percentage of adolescents who followed our food and beverage brands on Twitter (p = 0.17) or Instagram (p = 0.24). The relationship was similar for the Adolescent:Adult targeted ratio. 
Discussion
We purchased data from Demographics Pro to characterize the relationship between youth-targeted food marketing practices and the percentage of adolescents (age 13-17 years) who followed food/beverage brands as of January 2019. Our sample of 27 fast food, snack, and beverage brands collectively maintained 6.2 million adolescent followers on Twitter and Instagram. This figure may not represent unique social media users because it is likely that some adolescents followed multiple food/beverage accounts on both platforms, but the overall number of youth who followed these brands is concerning for several reasons. First, these adolescent followers are "opting in" to more exposure to food and beverage ads, which may increase their risk for poor dietary choices in response to ad exposure. Second, unhealthy brands had more adolescent followers than healthy brands. Monster Energy, for example, had the most adolescent followers (n = 3,198,430) on Twitter, followed by Wendy's (n = 3,000,678), whereas the healthiest brands (e.g., Smart Water, Dasani Water, and Coca-Cola Life) had the fewest adolescent followers. Third, social media ads blur the line between entertainment and advertising, [11] which may increase adolescents' susceptibility to this form of promotion.
Our results also demonstrate that the food and beverage brands in our sample had a higher percentage of adolescent followers compared to the percentage of adolescents who followed any account on Twitter. In addition, higher TV spending for a given brand was associated with a higher percentage of adolescents who followed that brand on Twitter, which provides support for the effectiveness of advertising in maintaining relationships with consumers. We did not, however, observe similar differences among adolescents using Instagram. The conflicting results on Instagram could be due to ceiling effects (i.e., 72% of adolescents in the US use Instagram [8] ), which may translate to high numbers of adolescents who follow any type of account on Instagram.
We also observed differences in the percentages of adolescents who followed sugary drink brands compared to low-calorie drink brands. Specifically, a higher percentage of adolescents followed sugary drink brands versus low-calorie drink brands on Instagram. Although this difference may be a result of companies' history of spending more to promote sugary drinks compared to low-calorie drinks, [24] the high numbers of adolescents who follow sugary drink brands is a major public health concern. Given that sugary drink intake is associated with the development of type 2 diabetes and weight gain, [31, 32] it is critical that public health policies address sugary drink promotion messages.
This study contributes to food marketing research in several ways. Previous research has shown that adolescents view roughly 5700 food advertisements on television each year [4] , and one study examining ad exposure among Canadian youth (ages 7-16 years) found that 72% of participants saw food and beverage ads on social media during a 10-minute data collection period [33] . The authors estimated that youth view almost 200 food/beverage ads per week on social media platforms. Our findings build upon those studies by demonstrating that 6.2 million adolescents are following food and beverage ads on Instagram and Twitter. Adolescents' willingness to "opt in" for additional advertising exposure is concerning given that these brands post thousands of ads on social media annually [34] . The Federal Trade Commission should require disclosures (e.g., "This is advertising") on posts made by food and beverage companies who manage these free social media accounts. Our findings also provide documentation that fast food, snack, and beverage brands with greater expenditures on advertising have a disproportionately higher percentage of youth followers compared to other accounts on Twitter [20, [22] [23] [24] . Future studies should explore similar research questions using YouTube, which has a higher percentage of adolescent users relative to Instagram and Twitter [8] . Finally, we found that a higher percentage of females followed water brands compared to males, but the pattern was reversed for energy drinks. Demographics Pro has data on the intersection of followers who are female and age 13-17 years, but purchasing those data was outside the scope of our study. Still, the differences in followers among males and females is worthy of further attention given that the data suggests females may be more likely to follow low-calorie beverages, whereas males are more likely to follow sugary energy drink brands.
This study has some limitations and several strengths. Our methods are limited because of the need to use TV advertising as a proxy for which food and beverage brands target youth on social media. Although we were able to obtain Demographics Pro data on a majority of brands, we were not able to obtain data on all 27 brands across Instagram and Twitter. Further, the demographic data from Demographics Pro are inferences based on consumers' networks, consumption, and language, which may not accurately reflect actual demographics of users. By including data from a company that uses proprietary algorithms, we are limited in our ability to achieve complete replicability of methods and detect errors. Data from Demographics Pro, however, is used by a wide range of well-known brands and companies, and their methods have been published in other academic research [27, 35, 36] . Additionally, capturing these data would be too time-intensive and cost-prohibitive for most researchers. Demographics Pro also filter out bots (i.e., artificial social media followers that brands can use to inflate their follower counts) by using proprietary clustering algorithms to identify small groups of bots that appear as followers among multiple target accounts, then link these small groups statistically to larger 'bot farms' (i.e., managed pools of fake followers). Another limitation is that we cannot be certain of the age of adolescents who use social media-most social media sites require a minimum age of 13 years to create an account, but it is possible for children to fabricate their age to meet this requirement. In addition, we cannot conclude whether youth-targeted marketing expenditures lead to more adolescent followers or whether adolescents' interest in brands leads those brands to target youth more. Despite these limitations, our study is the first to document that 6.2 million adolescents follow one or more of the food and beverage brands from our sample. Our study also characterizes differences in the age of social media users who follow fast food, beverage, and snack brands on two popular social media platforms. Our methods are also strengthened by our inclusion of brands from those three brand categories, which spend more on youth-targeted advertising than other brands [20] .
Conclusions
This study provides evidence that unhealthy food/beverage brands, especially fast food and sugary drink brands, maintain millions of adolescent followers on social media. The high percentage of adolescent followers is concerning because exposure to advertising is associated with a higher consumption of fast food, sugary drinks, and salty snacks among youth [37] , which can increase the risk of obesity, heart disease, and other co-morbidities during adulthood [1] . With nearly ubiquitous use of social media among adolescents, youth are now exposed to food and beverage advertising across multiple digital domains. In fact, a recent narrative review of food marketing policies in 16 countries concluded that digital advertising needs to be included in policies aiming to reduce youth-targeted food marketing [38] . These data can also inform the proposed updates to the Children's Online Privacy and Protection Act (COPPA), a federal policy in the United States that limits companies' ability to collect online data from children younger than age 13 years and target children with targeted advertising [39] . In March 2019, two bipartisan US Senators proposed protecting adolescents up to age 15 years under COPPA. Given that 6.2 million adolescents ages 13-17 years followed the 27 brands in our sample, our data support the need to expand COPPA to include adolescents. 
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